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The present disclosure relates to data readers including an
improved 1imaging system that optimizes active and passive
autofocus techniques for improving data reading functions.
In an example, the data reader imitially uses active autofocus
techniques to focus a lens system based on a measurement
reading by a rangefinder and acquire an image of an 1tem 1n
the field-of-view of the data reader. The data reader includes
a decoding engine operable to decode an optical code of the
item using the acquired image. If the decoding engine is
unable to decode the optical code using the active autofocus
technique, the data reader alternates to a passive autofocus
technique to alter the focus settings of the lens system and
reattempt the decoding process.
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DATA READER WITH HYBRID AUTOFOCUS
SYSTEM

RELATED APPLICATIONS DATA

This application 1s a continuation of and claims the benefit
under 35 U.S.C. § 120 of U.S. patent application Ser. No.

15/354,247 filed Nov. 17, 2016, the disclosure of which 1s
incorporated by reference herein 1n 1its entirety.

BACKGROUND

The field of the disclosure relates generally to data
readers, and 1n particular, to hybrid autofocus systems for
data readers operable to optimize active and passive auto-
focus techniques for improving data reading functions.

Generally, an autofocus optical system uses one or more
sensors, control systems, and a motor to focus a selected
point or region. Autofocus systems used with electronic
devices, such as cameras and data readers, may be separated
into two general classes—active autofocus systems and
passive autofocus systems. Active autofocus systems mea-
sure distance to the target item independently of the optical
system, and subsequently adjust the optical system for
correct focus. These systems may measure distance 1n a
variety of ways, such as by using rangefinders to emit
ultrasonic sound waves and measuring the delay in their
reflection, or by using infrared light to triangulate the
distance to the object/item.

Passive autofocus systems, on the other hand, determine
correct focus by performing passive analysis of the image
that 1s entering the optical system, instead of using sound
waves or otherwise directing energy toward the item. Pas-
sive autofocusing may use a variety of techniques for
analyzing the image, such as phase detection or contrast
detection. Phase detection may be achieved by dividing the
incoming light into pairs of 1mages and comparing the
images to each other. Contrast detection autofocus may be
achieved by measuring contrast through the lens within a
sensor field, and comparing the intensity difference between
adjacent pixels to correct image focus.

Typically, active autofocus systems provide a fast dis-
tance measurement and are able to focus the electronic
device 1n a shorter period of time as compared to a passive
autofocus system. However, active autofocus systems tend
to be less precise than passive autofocus systems, especially
when the field-of-view includes multiple moving i1tems
located at varying distances from the device. Some elec-
tronic devices have sought to address these inherent weak-
nesses by using a hybrid autofocus system that combines
active and passive autofocus techniques. However, the
inventors have found that these prior hybrid systems fail to
provide optimal performance 1n data-reading environments
that typically have multiple moving items in the field-oi-
view of the device. In addition, many modern autofocus
camera systems are based on phase detection technology
that requires costly and specialized image sensors equipped
with specific phase-detection pixels.

Accordingly, the present inventors have recognized a
need for an mmproved hybrid autofocus system for data
readers that combines both active autofocus and passive
autofocus techniques to provide an optimized data reader
capable of handling complex fields-of-view and operating 1n
a data-reading environment. In addition, the present inven-
tors have recognized a need for such an improved hybrid
autofocus system operable without reliance on phase detec-
tion technology. Additional aspects and advantages will be
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2

apparent from the following detailed description of example
embodiments, which proceeds with reference to the accom-
panying drawings.

Understanding that the drawings depict only certain
embodiments and are not, therefore, to be considered lim-
iting 1n nature, these embodiments will be described and

explained with additional specificity and detail with refer-
ence to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an 1imaging system for a data
reader 1n accordance with one embodiment.

FIG. 2 15 a flow chart 1llustrating a method of data reading
using the imaging system of FIG. 1.

FIG. 3 1s a block diagram of an imaging system for a data
reader 1n accordance with another embodiment.

L1l

DETAILED DESCRIPTION OF EXAMPL.
EMBODIMENTS

With reference to the drawings, this section describes
particular embodiments and their detailed construction and
operation. The embodiments described herein are set forth
by way of illustration only and not limitation. The described
features, structures, characteristics, and methods of opera-
tion may be combined 1n any suitable manner 1in one or more
embodiments. In view of the disclosure herein, those skilled
in the art will recognize that the various embodiments can be
practiced without one or more of the specific details or with
other methods, components, materials, or the like. For the
sake of clarity and conciseness, certain aspects of compo-
nents or steps ol certain embodiments are presented without
undue detail where such detail would be apparent to those
skilled 1n the art 1n light of the teachings herein and/or where
such detaill would obfuscate an understanding of more
pertinent aspects of the embodiments.

Certain embodiments may be capable of achieving vari-
ous advantages, which may include one or more of the
following: (1) providing an electronic device with a hybnd
autofocus system including both passive and active autofo-
cus capabilities for quickly and easily focusing the elec-
tronic device and reading optical codes from 1tems/objects
within a field-of-view of the device; (2) providing an elec-
tronic device with motion-activation capabilities to activate
the autofocus system in advance of an 1mage-acquisition
event to minimize time to focus; (3) providing an electronic
device with motion-activation capabilities for early activa-
tion ol an automatic exposure control (AEC) system and/or
an automatic gain control (AGC) system to improve perfor-
mance of the data reader; and (4) providing an electronic
device with robust focus capabilities for improved data
reading in environments with multiple 1items/objects located
at multiple distances.

Collectively, FIGS. 1-3 illustrate embodiments and fea-
tures of a data reader S (or data reader 103) that may be used
to capture optical codes, such as barcodes or other machine-
readable indicia, 1n a variety of applications. For example,
optical codes can be used 1n a retail setting to identily a class
of items/objects (e.g., merchandise) or 1n the healthcare field
to 1dentily patient records and {files, or 1n a business setting
to 1dentily unique items (e.g., patents). As a result, optical
codes are found on a wide variety of items, such as retail
goods, company assets, and documents. As 1s further
described 1n detail below with reference to the figures, a data
reader 5, 105 may include an imaging system 10, 110 that
uses hybrid autofocus system employing active autofocus
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techniques to optimize time-to-focus capabilities of the data
reader 5, 1035 along with passive autolocus techniques to
provide robust focus control for the data reader 5, 105 when
reading multiple items at multiple distances 1n the field-oi-
view of the data reader 5, 105. Additional details of these
and other embodiments of the data reader 5, 105 are
described herein with reference to the figures.

FIG. 1 1s a block diagram of an imaging system 10 for a
data reader 5 1n accordance with one embodiment. With
particular reference to FIG. 1, the following description
provides details of the various components of the imaging,
system 10 and their interoperability with other components
to achieve the improved performance of the data reader 5.
With reference to FIG. 2, the description relates to a method
of data reading using the imaging system of FIG. 1 and 1ts
improved hybrid autofocus system.

With reference to FIG. 1, the imaging system 10 includes
imaging optics 12 that may comprise a lens system 14 and
an 1mage sensor 16. Briefly, in operation, light from the
field-of-view 1s focused via the lens system 14 to form on the
image sensor 16 an 1image of the 1tem or other item located
in the field-of-view. The image sensor 16 may comprise any
one ol a variety of suitable image sensors, such as a
complementary metal-oxide semiconductor (CMOS) sensor,
a charge-coupled device (CCD), or any other suitable sensor.
In some embodiments, the 1mage sensor 16 operates at a
frame rate of about 52-60 frames per second (ips). In other
embodiments, the 1image sensor 16 may operate at higher
frame rates, such as, but not limited to, 120 ips.

The lens system 14 may include one or more lens ¢le-
ments suitable for focusing light on the image sensor 16. The
lens system 14 may include any one of a variety of suitable
lenses, including curved lenses and liquid lenses. In some
embodiments, the lens system 14 1s automatically adjustable
to a variety of focus settings. For example, the lens system
14 may be a variable zoom lens including one or more
mobile lens elements that may be driven by a drniver 18 to
control the focal length and the focus position of the lens
system 14. In some embodiments, the imaging system 10
includes a signal processor 20 in operable communication
with the driver 18, where the signal processor 20 generates
and transmits signals (e.g., signals received from an inte-
grated circuit 26 or controller 24) to the driver 18 for
adjusting the focal length and/or focal position of the lens
system 14. In some embodiments, the driver 18 1s operable
to move the lens system 14 up to about 3.0 mm at an
accuracy on lens positioning of about 5 um to 10 um to
accurately adjust the focus from 15 ¢cm to 1500 cm or more
(based on the distance range of the rangefinder 22 as further
discussed below). Additional details relating to systems for
communicating adjustment signals to the driver 18 via the
signal processor 20 are described in further detail below
with particular reference to FIG. 2.

When the image sensor 16 acquires an image, the signal
processor 20 may transform the image into a digital image.
The 1image may comprise one or more still images of a target
item in the field-of-view, a stream of moving images or
video segments, or other suitable 1mages. In some embodi-
ments, the signal processor 20 may apply any one of a
variety ol suitable processing techniques, such as contrast,
color, and exposure balancing, compression, and interpola-
tion, to the 1image to improve quality as needed for subse-
quent decoding by a decoding engine 42. In other embodi-
ments, the signal processor 20 may be adapted to process the
images to “digitally zoom™ the images so that the image
appears as 11 1t were captured under different zoom settings
of the lens system 14. This technique may be used to provide
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4

clectronically controllable zoom functions for images cap-
tured using a fixed focus lens system, a manual focus
system, and/or adjustable focus systems.

After the 1image of the target item has been acquired by the
image sensor 16, the signal processor 20 may transmit the
image to the decoding engine 42 for decoding the optical
code on the 1item. The decoding engine 42 may be including
any suitable reading system operable to decode an optical
code. The decoding engine 42 may be configured with
decoding parameters and filters as desired. In some embodi-
ments, the decoding parameters and filters may include one
or more of the following: instructions for length of time to
spend on decoding labels (e.g., 1D or 2D labels), instruc-
tions for reading data of a specific length, instructions for
minimum and maximum acceptable length for 1D and 2D
labels, parameters relating to label prefix and postiix, and/or
decoding aggressiveness. It should be understood that in
vartous embodiments of the data reader 5, these decoding
istructions may vary for different decoding engines 42
based on, for instance, the characteristics of the target
environment for which the data reader 5 will be used.

Images, videos, and/or other data captured by the imaging
system 10 may be stored on the data reader 5 1n a memory
module 32. Memory module 32 can include any one of a
variety of suitable devices, such as RAM and non-volatile
flash or ROM devices, secure digital (SD) cards, solid state,
magnetic, optical, or other suitable data storage devices. In
some embodiments, memory 32 may be fixed within the
imaging system 10 or may be removable. In some embodi-
ments, the data reader 5 may include an interface 34, such
as a memory slot, for accommodating removable memory
devices, such as memory sticks, cards, or other removable
memory devices. The data reader 5 may further include a
communication module 36 to facilitate communication with
a server/database 38, or any other suitable external systems,
such as an electronic device, mobile phone, or a computer.
The communication module 36 may {facilitate wired or
wireless communication with other devices over a short
distance (e.g., Bluetooth™) or nearly unlimited distances
(e.g., via the Internet).

The data reader 5 further includes a rangefinder 22
adapted for determiming a distance from the data reader 5 (or
imaging system 10) to a target item within the field-of-view
of the data reader 5. In some embodiments, the data reader
5 1s operable to read and decode optical codes on a target
item located within 15 cm and up to 13500 cm of the data
reader 5. As mentioned previously, the distance to the item
as determined by the rangefinder 22 may be used to adjust
the focus on the lens system 14. For example, the
rangelinder 22 may be 1n operable communication with the
signal processor 20 (such as through the mntegrated circuit
26) to communicate the distance measurement. Upon receiv-
ing the measurement, the signal processor 20 may convert
that range measurement and determine an appropriate focal
adjustment based on calibration calculations or factors.
Thereatter, the signal processor 20 transmits signals to the
driver 18 to adjust the lens system 14 as needed. Additional
details relating to calibration factors and autofocusing tech-
niques via the rangefinder 22 are described in further detail
below with particular reference to FIG. 2.

The rangefinder 22 may be any suitable rangefinder
operable for reading a distance to a target item as described
previously. In addition, the rangefinder 22 1s preferably
operable for use as a multi-spot focus determination system
to accurately track multiple 1tems that may be at diflerent
distances from the data reader 5 and/or to track items that
may be moving. In multi-spot focus determination, the
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field-of-view may be divided into several focal spots or
areas, where the 1imaging system 10 determines an optimal
focal setting for each of the spots. These focal settings may
be stored 1n a memory 32 and called as needed to focus the
lens system 14. For example, when the target item 1is
identified 1n one of the focal spots based on the measurement
from the rangefinder 22, the focal settings for that focal spot
may be used by the imaging system 10 to quickly focus the
lens system 14. In some embodiments, a feedback system
may be established between the motor 18 and the signal
processor 20 (or other component of the imaging system 10)
to fine-tune the adjustment of the lens system 14 as needed.

In some embodiments, the rangefinder 22 may include an
integrated time-of-tlight (ToF) camera for improved pertor-
mance. ToF cameras are range-imaging cameras that resolve
distance measurements based on the known speed of light,
measuring the time-of-tlight of a light signal between the
camera and the target 1tem for each point of the image. The
ToF camera 1s a class of scannerless LIDAR, 1n which the
entire scene 1s captured with each laser or light pulse. These
systems typically cover distance ranges of a few centimeters
up to several kilometers with a distance resolution of about
1 ¢cm, and generally operate very quickly, providing up to
160 1mages per second. Some example ToF devices that may
be used in conjunction with data reader 35 include the
VL6180X and VL53L0X devices manufactured by STMi-
croelectronics of Coppell, Tex.

The data reader 5 may include additional sensors 30 in
communication with the imaging system 10. In some
embodiments, the sensors 30 may include light sensors that
measure 1llumination levels to determine whether additional
light sources may need to be activated on the data reader 5
to provide suflicient lighting for accurately capturing an
image ol the item, or audio sensors that may be useful 1n
capturing video 1mages, or biometric sensors for mcorpo-
rating security measures and/or for personalizing the data
reader 5 for individual users.

Operation of the imaging system 10 1s controlled primar-
i1ly via a controller 24 that 1s 1n communication with an
integrated circuit 26. In some embodiments, the controller
24 may be any of various suitable commercially available
processors or other logic machine capable of executing
instructions. The controller 24 may include suitable dual
microprocessors or other multi-processor architectures may
also be employed. The integrated circuit 26 may be a
ficld-programmable gate array (FPGA) that may be pro-
grammed with instructions for operating the imaging system
10. For example, in some embodiments, the integrated
circuit 26 may include: (a) instructions for formatting videos
and 1mages acquired via the image sensor 16; (b) instruc-
tions for operating the hybrid autofocus engine; (¢) mstruc-
tions for operating the decoding engine 42; (¢) mnstructions
for operating the driver 18; (d) 1llumination control for the
data reader 3; (e¢) aiming control and other features of the
rangefinder 22; (1) flat-field correction or other image pro-
cessing techniques to improve the quality of the images
acquired via the 1image sensor 16; (g) control of voltage level
translators for resolving voltage compatibility 1ssues of the
data reader; and (h) hardware acceleration information to
improve performance and efliciency of the data reader 5.

As 1llustrated in FIG. 1, the controller 24 and integrated
circuit 26 are in operable communication with the lens
system 14, image sensor 16, driver/motor 18, and the signal
processor 20, among other components, and together control
operation ol the components of the imaging system 10. In
some embodiments, controller 24 (and/or integrated circuit
26) cooperates with a user mput system 28 to allow a user
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to use the data reader 5 and interact with the imaging system
10. The user input system 28 may be any suitable device,
such as a button or trigger, that 1s actuatable or otherwise
operable by the user to initiate or activate the image sensor
16. In other embodiments, the user mput system 28 may be
a touch screen system, or voice-recognition system, joystick,
or other suitable mput system.

The data reader 5 may further include a display 40 that 1s
in operable communication with the signal processor 20,
controller 24, and/or integrated circuit 26 for displaying one
or more 1mages or videos acquired by the image sensor 16.
In such embodiments, the user may be able to view the
image of the target item and provide instructions to the
controller 24 (such as instructions to reacquire the 1mage,
delete the 1image, save the image, etc.) via the user input 28
if desired. Display 40 may comprise a liquid crystal display
(LCD), organic light-emitting display (OLED), or any other
suitable display screen.

In other embodiments, the display 40 may present other
information to the user. For example, the display 40 may be
used to allow the user to establish modes of operation of the
data reader 5, select performance features of the imaging
system 10, enter control settings, enter user i1dentification
information and/or passwords, and receive/provide 1nstruc-
tions to the user.

The imaging system 10 further imncludes a motion detec-
tion unit 44 1n communication with the integrated circuit 26
and/or the controller 24. The motion detection unit 44 may
be any suitable system operable to detect a motion of the
data reader 5, such as whether the data reader 5 has been
rotated, tilted, or shaken. In some embodiments, the motion
detection unit 44 may be a tilt sensor or accelerometer or a
rangelinder with background suppression capabilities. In
other embodiments, the motion detection unit 44 may be an
image analysis system operable to analyze the image
acquired by the image sensor 16 and determine whether the
data reader 5 1s 1n motion. In some embodiments, the motion
detection unit 44 may be 1n commumnication with or elec-
tronically coupled to the display 40 such that when the
motion detection unit 44 1s activated (e.g., the data reader 5
1s rotated), the display 40 presents a message notifying the
user that the motion detection unit 44 has been activated.

It should be understood that while the description may
refer to certain components being in operable communica-
tion with other components, 1n some embodiments, such
components may be directly connected to one another, and
in other embodiments, the components may be 1n operable
communication through a third component. For example, 1n
some embodiments, the user iput 28, the motion detection
unit 44, and/or the rangefinder 22 may be directly connected
to the signal processor or microcontroller 24, thereby skip-
ping the connection to the integrated circuit 26.

FIG. 2 1s a flow chart illustrating a method 200 of data
reading using the imaging system 10 and 1ts hybrid autoio-
cusing techniques for improved data reading. With reference
to FIG. 2, the data reader 5 1s imtially at an 1dle state at step
202 and waiting for an activation trigger. In some embodi-
ments, the data reader S may be 1n a sleep mode to conserve
power until activated. In other embodiments, when the data
reader 5 1s 1dle, the controller 24 may instead set the lens
system 14 to a predetermined {irst focus setting which can
be, for example, a midpoint position of the adjustable range
of the lens system 14 to expedite ensuing adjustments. In
other embodiments, controller 24 may automatically select
other focus distance settings, such as retaining the last focus
setting that was used before the data reader returned to an
idle state, or setting the focus settings to a commonly used
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focal setting of the data reader 3. In still other embodiments,
the user may be able to program default focus settings via
the user input 28.

While the data reader S 1s 1dle at step 202, the motion
detection unit 44 1s active and operable to detect movement
of the data reader 5. When motion of the data reader S is
detected at step 204 via the motion detection unit 44, the
active autofocus technique (steps 206-208) i1s iitiated at
step 206. When active autofocus 1s activated at step 206, the
rangefinder 22 measures a distance to the target(s) in the
field-of-view and communicates that measurement to the
controller 24 and/or integrated circuit 26, which 1n turn
communicates to the driver 18 an adjustment amount for the
lens system 14 depending on the measured distance. The
adjustment amount for the lens system 14 may be deter-
mined using any one of a variety of suitable calibration
techniques.

In one embodiment, prior to using the data reader 5 for
decoding optical codes, the user may first calibrate the data
reader 5. The calibration process may begin with acquiring
a calibration 1mage of the field-of-view of the data reader 5.
The signal processor 20 (or other component of the imaging
system 10, such as the controller 24) may analyze the
calibration 1image and identily one or more particular 1tems
in the 1mage that have an optimum focus setting. Such focus
setting may be determined 1n a variety of ways, such as by
examining clarity, contrast, or by using other known 1mage
processing techniques. For example, the calibration image
may include a few items in the near-field, an 1tem 1in the
mid-field, and a few other items in the far-field. After the
calibration 1mage 1s acquired, the signal processor 20 may
determine that the item 1n the mid-field has the best focus
settings, ¢.g., the item appears with the best clarity and
contrast. Therealiter, the rangefinder 22 may be used to
measure a calibration focus distance from the data reader 5
to the location of the item 1n the mid-field found to have the
optimum focus setting. Using the calibration focus distance
and the focus distance setting used to capture the initial
calibration i1mage, the signal processor 20 determines a
focus correlation factor that may be used to associate
rangefinder distance values with different focus settings for
the lens system 14. This calibration process may be repeated
numerous times for different distances to create a focus
correlation factor for various rangefinder distance values. In
some embodiments, a look-up table may be created and
stored, such as 1n memory 32 to facilitate the process. In
other embodiments, the calibration data may be used to
create a mathematical expression to correlate distance values
and focus settings.

Using the determined correlation factor, at step 208, the
controller 24 transmits an adjustment signal to the driver 18
to adjust the lens element 14 and focus settings based on the
rangefinder distance. In some embodiments, such as when
the controller 24 does not detect triggering of an activation
mechanism or button (e.g., the user input 28) to iitiate the
image sensor 16, the rangefinder 22 may continue measuring
a distance to the target item and adjusting the lens element
14 in a feedback loop as needed. When the activation
mechanism 1s triggered and detected by the controller 24, at
step 210, an 1mage of the field-of-view and target item 1s
captured via the image sensor 16. In the case of a simple
field-of-view with one optical code/item present, the time to
focus the lens element 14 may be 1n the range of 20 ms to
40 ms.

At step 212, the decoding engine 42 analyzes the acquired
image and attempts to decode any optical codes present 1n
the 1mage. In some embodiments, prior to step 212, the
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signal processor 20 and/or controller 26 may optimize the
image using known imaging techniques to digitally improve
the 1mage and the likelihood of a successiul decoding. At
step 214, 11 the decoding 1s successiul, the data reader 5
returns back to an idle state (step 202) for a subsequent
reading of another item. If the decoding i1s not successiul,
then the method 200 mitiates the passive autolocus tech-
nique (steps 216-218 and step 212).

At step 216, the signal processor 20 (and/or the integrated
circuit 26 or controller 26, other suitable component of the
imaging system 10) analyzes the set of 1images acquired by
the 1mage sensor 16 and employs a contrast detection
technique (as discussed previously) to identify 1n each 1image
one or more focal planes, each focal plane corresponding to
a target item at a different distance, 1.e., a set of optical
configurations, in the image(s) that are most likely associ-
ated with target items and/or optical labels at different
distances 1n the field-of-view based on contrast measure-
ments. In some embodiments, the signal processor 20 (or the
integrated circuit 26) may perform the passive autofocus
technique 1n real-time capturing video streaming from the
image sensor 16. In the case where multiple target items are
located 1n the field-of-view at different distances, the aver-
age time to focus may be 1n the range of 150 ms to 200 ms.

For each set of identified optical configurations in the
image, driver 18 adjusts the focus settings of the lens system
14 at step 218 to a second focus setting and/or detects
multiple focus planes. Thereafter, returming to step 212, the
decoding engine 42 attempts to decode the optical code.
Steps 216, 218, and 212 may be repeated for each potential
good optical configuration 1dentified via the contrast detec-
tion method, and the process may stop when the decoding
engine 42 successiully decodes the optical code 1n the
second 1mage, or when no more optical configurations are
available for decoding. If the passive autofocus technique
yields a successiul decoding, then the data reader 5 may
return to an 1dle step (step 202) for a subsequent reading of
a different item.

In some embodiments, steps 216, 218, and 212 may be
continuously repeated until a successiul decoding of the
optical code occurs. In other embodiments, the method 200
may continue for a predetermined number of cycles or
attempts, and then notify the user, such as via the display 40,
that the decoding attempt has failed. In such embodiments,
the user may then reinitiate the data reading process 200.

In other embodiments, steps 202 and 204 may be elimi-
nated, and the data reader 5 may instead continuously
measure the distance to a target item 1n the field-of-view via
the rangefinder 22, while awaiting detection of the activation
trigger. This embodiment may not optimize power consump-
tion because the rangefinder 22 may be continuously oper-
ating. However, this configuration may result 1n faster focus
times since the lens system 14 will be adjusted continuously
based on the measurements from the rangefinder 22, such
that the lens system 14 may be 1n the proper setting or may
be close to the proper setting when the trigger for acquiring
an 1mage 1s activated.

As described in the foregoing description, the method 200
1s able to use both active autofocus techniques (via the
rangelinder 22) and passive autofocus techmques (via the
integrated circuit 26 and signal processor 20) to attempt to
decode an optical label on an item in the field-of-view of the
data reader 5. In the case where the active autofocus
technique fails to decode the optical code, the system
alternates to the passive autofocus technique and attempts to
decode the optical code again. In addition, 1n some embodi-
ments, the active autofocus technique may be triggered in
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advance of a user request to acquire an i1mage, thereby
accelerating the time to focus of the lens system 14 and
improving data reader performance.

FIG. 3 illustrates another embodiment of a data reader 105
with an 1imaging system 110. The imaging system 110 may
be include the same or substantially similar components as
the data reader 5. Accordingly, to avoid unnecessarily
repeating the description for structure and function of certain
components, reference numbers 1n the 100-series having the
same final two digits as those 1n FIG. 1 are used in FIG. 3
to 1dentily analogous structures. For example, 1t should be
understood that controller 124 as described with reference to
FIG. 3 may be identical to and capable of carrying out the
same 1nstructions and protocols as processor 24 of FIG. 1.
Accordingly, some detail of these structures may not be
turther described to avoid obscuring more pertinent aspects
of the embodiments.

With reference to FIG. 3, the imaging system 110 may
turther include a gyroscope 146 1n operable communication
with the integrated circuit 126 (and/or controller 124) to
provide a more robust autofocus system for the data reader
105. The gyroscope 146 may be operable to measure an
inclination of the data reader 105. Based on the inclination
of the data reader 105, the imaging system 110 (such as via
the mtegrated circuit 126 or controller 124) may be config-
ured to estimate whether the user 1s aiming the data reader
105 for scanning an optical code/label 1n a near field-of-view
(¢.g., the data reader 105 may be tilted at a downward angle
indicating the 1tem 1s close to the position of the data reader)
or whether the user 1s aiming in the far-field or mid-field
(¢.g., the data reader 105 may be tilted at an upward angle
or be horizontally posed indicating the i1tem 1s farther away
from the position of the data reader). In such embodiments,
the angular measurement readings by the gyroscope 146 for
near-field and far-field readings may be associated with
particular adjustment ranges for the lens element 114 to
expedite time to focus of the data reader 103.

For example, if the gyroscope 146 detects that the data
reader 105 1s tilted downwardly from a horizontal aiming,
axis between an angular range of 15 to 90 degrees, then the
lens system 14 may be adjusted to a setting falling within a
first focal setting range corresponding to an item positioned
in the near-field. If the gyroscope 146 detects that the data
reader 105 1s tilted at an angle from 0-15 degrees either
upwardly or downwardly from the horizontal aiming axis,
then the lens system 14 may be adjusted to a setting falling
within a second focal corresponding to an 1tem positioned in
the mid-field or far-field.

In some embodiments, the imaging systems 10, 110 may
turther 1include a time delay prior to adjusting the focus
setting of the lens element 14, 114 and acquiring an image
to ensure that the data reader 5, 105 1s properly stabilized.
For example, 1n some embodiments, the motion detection
unit 44 and/or the gyroscope 146 may determine a move-
ment speed of the data reader 5, 105. If the speed 1s greater
than a predetermined threshold, the imaging systems 10, 110
may delay any adjustments of the lens element 14, 114 until
the speed threshold 1s satisfied (e.g., until the data reader 5,
105 15 stable and aimed at the target). This time delay may
optimize the data reader 5, 105 and avoid unnecessary
calculations while the user 1s aiming the data reader 5, 1035
at the target. Once the data reader 5, 105 i1s stable (e.g., not
moving), then the data reader 5, 105 may be used as
described i FIGS. 2 and 3.

In other embodiments, the imaging systems 10, 110 may
be adaptive and learn to associate certain adjustment and
focus settings with higher rates of successiul decoding over
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extended use of the data reader S, 105. Accordingly, the
imaging systems 10, 110 may optimize performance of the
data reader 5, 105 by adjusting the data reader 5, 105 to the
focus settings that have higher success rates to improve time
to focus and data reading time. For example, 1n settings
where the data reader 5, 105 1s used mostly for near-field
reading, such as 1 a grocery or other retail setting, the
imaging systems 10, 110 may automatically set the focus of
the lens system 14, 114 to an optimum focus for near-field
reading and expect that the focus would be proper for most
reading scenarios, thereby reducing the time to focus. The
imaging systems 10, 110 may make fine adjustments to the
focus settings from time to time, such as when the
rangefinder 22 determines that the item being read 1s located
in the far-field. But otherwise, the focus settings may be
mostly unchanged. In such scenarios, the user may program
the data reader 5, 105, such as via the user input system 28,
for use 1n the near-field so that the imaging system 10, 110
adapts to the use and expects any focal settings to be
essentially fine-tune adjustments from a base setting.

In other embodiments, the data readers 5, 105 may
include biometric sensors or other identification features
(e.g., a login/password screen on the display 40) to associate
the data reader 5, 105 with specific users. In such embodi-
ments, performance of the data reader 5, 105 may be adapted
to recognize and account for individual user tendencies that
may be based on a user’s specific handling of the data reader
5, 105. For example, the data reader 5, 105 may learn the
user’s specific handling and aiming habaits of the data reader
5, 105, and associate specific adjustment and focus settings
tuned for each user to yield higher rates of successiul
decoding. Alternately, the data reader 5, 105 may learn that
a specific user primarily uses the data reader 5, 105 for
near-field reading and another user uses the data reader 5,
105 exclusively for far-field reading. Once a user logs 1n or
1s otherwise 1dentified by the data reader 5, 1035, the imaging
system 10, 110 may call up the specific user’s settings, such
as via memory 32 or via the communication module 36, to
optimize the data reader 5, 1035. Accordingly, the data reader
5, 105 may be optimized for a variety of users despite the
different ways that individual users handle the data readers
5, 105.

It 1s intended that subject matter disclosed in any one
portion herein can be combined with the subject matter of
one or more other portions herein as long as such combi-
nations are not mutually exclusive or mnoperable. In addition,
many variations, enhancements and modifications of the
imager-based optical code reader concepts described herein
are possible.

The terms and descriptions used above are set forth by
way of 1illustration only and are not meant as limitations.
Those skilled 1n the art will recognize that many variations
can be made to the details of the above-described embodi-
ments without departing from the underlying principles of
the 1nvention.

The mnvention claimed 1s:
1. A data reader, comprising:
an optical system including:

a variable focus lens system configured to be adjusted
according to one or more focus settings including at
least one of a focal length or a focal position of the
variable focus lens system:;

an 1mage sensor configured to acquire 1images of an
item 1n a field-ot-view of the data reader:

a decoder configured to perform decoding of an optical
code associated with the item:
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a hybnid autofocus system including a rangefinder, and a
signal processor operably coupled to the 1mage sensor,
the hybrid autofocus system configured to operate the
variable focus lens system for image capture by the
image sensor in either a passive autofocus mode or an
active autofocus mode that determine the focus settings
used to adjust the variable focus lens system; and
a controller operably coupled to the variable focus lens
system, the 1image sensor, the decoder, and the hybnid
autofocus system, wherein the controller 1s configured
to control the variable focus lens system to automati-
cally switch between the active autofocus mode and the
passive autofocus mode responsive to results of the
decoding including:
automatically switching operation of the variable focus
lens system from the active autofocus mode to the
passive autofocus mode responsive to the decoder
unsuccessiully decoding the optical code during the
active autofocus mode; and

automatically switching operation of the variable focus
lens system from the passive autofocus mode to the
active autofocus mode responsive to the decoder
successtully decoding the optical code during the
passive autofocus mode,

wherein the active autofocus mode uses the rangefinder to
determine a distance to the item independently of the
optical system for determining the focus settings for the
hybrid focus system, and the passive autofocus mode
uses the signal processor, and not the rangefinder, to
perform a passive analysis of the acquired image for
determining the focus settings for the hybnid focus
system, and

wherein the focus settings are continually adjusted in one
of the passive autofocus mode or the active autofocus
mode, during which the focus settings are adapted
based on individual user tendencies for a specific
known user’s handling of the data reader.

2. The data reader of claim 1, wherein the controller 1s
configured to control operation of the data reader to enter an
idle state before entering the active autofocus mode, and
wherein the 1dle state 1s neither the passive autofocus mode
nor the active autofocus mode.

3. The data reader of claim 2, wherein the controller 1s
configured to control operation of the data reader to exit the
idle state and enter the active autofocus mode responsive to
detecting motion of the data reader prior to detecting an
activation trigger from a user mput to acquire an 1mage.

4. The data reader of claim 3, further comprising a motion
detection unit configured to determine motion by detecting
at least one of a rotation, a tilt, or a shaking of the data
reader.

5. The data reader of claim 3, wherein the controller 1s
configured to determine motion of the data reader responsive
to analyzing the images acquired by the image sensor.

6. The data reader of claim 1, wherein the controller 1s
configured to:

remain 1n the active autofocus mode responsive to the
decoder successiully decoding the optical code during
the active autofocus mode; and

remain in the passive autofocus mode responsive to the
decoder unsuccesstully decoding the optical code dur-
ing the passive autofocus mode.

7. The data reader of claim 6, wherein the controller 1s
configured to notily the user that the decoding has failed
responsive after a predetermined number of decoding
attempts have been unsuccessiul.
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8. A method for operating a data reader, the method
comprising;

adjusting, via a driver, a variable focus lens system of an

optical system according to one or more focus settings
including at least one of a focal length or a focal
position of the variable focus lens system;

acquiring, via an image sensor of the optical system,

images ol an 1item 1n a field-of-view of the data reader
using a selected focus setting;

decoding, via a decoder, an optical code associated with

the 1tem from the 1mages acquired by the image sensor;
operating the variable focus lens system for image capture
by the image sensor 1n either a passive autofocus mode
or an active autofocus mode that determine the one or
more focus setting used to adjust the variable focus lens
system, ncluding:
during the active autofocus mode, determining the one
or more focus settings for the varnable focus lens
system based on distance of the item determined by
a rangefinder of a hybrid autofocus system 1indepen-
dently of the optical system; and
during the passive autofocus mode, determining the
one or more focus settings based on a passive
analysis of the acquired 1image by a signal processor
operably coupled to the image sensor of the hybrid
autofocus system, and not the rangefinder;
controlling, via a controller, the variable focus lens system
to automatically switch from the active autofocus mode
to the passive autofocus mode responsive to results of
the decoding including determining the optical code 1s
non-decodable during the active autofocus mode;
controlling, via the controller, the variable focus lens
system to automatically switch from the passive auto-
focus mode to the active autofocus mode responsive to
the decoder successiully decoding the optical code
during the passive autofocus mode; and
at least one of a motion detection unit or a gyroscope
determining a movement speed of the data reader and
delaying adjustments of the variable focus lens system
based on a speed threshold being satisfied.

9. The method of claim 8, wherein determining the focus
settings for the variable focus lens system during the active
autofocus mode includes measuring, via the rangefinder
operating during the active autofocus mode, a distance
between the data reader and the 1tem 1n a field-of-view of the
data reader, and further comprising adjusting, via the driver,
the selected focus settings of the variable focus lens system
of the data reader based, at least 1n part, on the distance
measured by the rangefinder during the active autofocus
mode.

10. The method of claim 8, further comprising receiving,
via a controller, an output signal from the decoder indicating,
whether the optical code 1n the image 1s decodable or
non-decodable.

11. The method of claim 8, wherein determining the focus
settings for the variable focus lens system during the passive
autofocus mode includes determining, via the controller,
contrast measurements for the at least two 1mages acquired
by the 1mage sensor during the passive autofocus mode.

12. The method of claim 11, wherein determiming the
focus settings for the variable focus lens system during the
passive autolfocus mode further includes identifying, via the
controller, 1n each of the at least two 1mages one or more
focal planes based on the determined contrast measure-
ments, each of the one or more focal planes corresponding
to a focus position of the variable focus lens system.




US 11,714,979 B2

13

13. The method of claim 12, further comprising adjusting,
via the driver, the variable focus lens system to the focus
position corresponding with at least one of the one or more
focal planes.

14. The method of claim 9, further comprising detecting,
via a motion detection unit, a motion of the data reader,
wherein the rangefinder measures the distance between the
data reader and the 1tem responsive to the motion detection
unit detecting a motion of the data reader.

15. The method of claim 8, wherein adjusting step further
includes adjusting the focus setting of the variable focus lens
system based 1n part on the inclination angle measured by a
gyroscope ol the data reader.

16. The data reader of claim 3, wherein the controller 1s
configured to adjust the variable focus lens system to a
predetermined first focus setting when entering the active
autofocus mode.

17. The data reader of claim 1, wherein the predetermined
first focus setting 1s based on either a last focus setting from
before entering the 1dle state or a focal setting determined by
historical usage of the data reader.

18. A method for operating a data reader, the method
comprising:

adjusting, via a driver, a variable focus lens system of an

optical system according to one or more focus settings
including at least one of a focal length or a focal
position of the variable focus lens system;

acquiring, via an image sensor of the optical system,
images of an 1tem 1n a field-of-view of the data reader
using a selected focus setting;

decoding, via a decoder, an optical code associated with
the 1item from the 1images acquired by the image sensor;

operating the vanable focus lens system for image capture
by the 1mage sensor 1n either a passive autofocus mode
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or an active autofocus mode that determine the one or
more focus setting used to adjust the variable focus lens
system, ncluding:
during the active autofocus mode, determining the one
or more focus settings for the varnable focus lens
system based on distance of the item determined by
a rangefinder of a hybrid autofocus system indepen-
dently of the optical system; and
during the passive autofocus mode, determining the
one or more focus settings based on a passive
analysis of the acquired 1image by a signal processor
operably coupled to the image sensor of the hybnd
autofocus system, and not the rangefinder;
controlling, via a controller, the variable focus lens system
to automatically switch from the active autofocus mode
to the passive autofocus mode responsive to results of
the decoding including determining the optical code 1s
non-decodable during the active autofocus mode; and
controlling, via the controller, the variable focus lens
system to automatically switch from the passive auto-
focus mode to the active autofocus mode responsive to
the decoder successtully decoding the optical code
during the passive autofocus mode,
wherein adjusting the focus setting includes:
adjusting the focus setting of the variable focus lens
system based 1n part on the inclination angle measured
by a gyroscope of the data reader;
adjusting the focus setting to a first focus setting associ-
ated with a near field responsive to the gyroscope
detecting the data reader being tilted within a first
angular range from a horizontal aiming axis; and
adjusting the focus setting to a second focus setting
associated with a far field responsive to the gyroscope
detecting the data reader being tilted within a first
angular range from a horizontal aiming axis.
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